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Reliable and repeatable flaw detection and accurate flaw 
characterization are critical to reliable evaluation of component 
serviceability. Digital filtering and signal processing techniques 
can be used in real time to reliably and repeatedly detect flaws 
even at low signal-to-noise ratios. The same techniques provide 
near optimum flaw resolution and dimensional precision using stan-
dard unfocused transducers. This paper describes these techniques 
and demonstrates their effectiveness with sample data. The data was 
processed and collected by an ultra-high-speed general purpose 
programmable signal processor which is used to detect, locate, and 
generate images of the component with flaw locations. 
Examination System Requirements 
The tolerance of most components to a flaw depends on the loca-
tion, size, shape, and orientation of the flaw. In order to optimize 
the accept/reject decision, not only must the flaw be detected and 
located, but all these characteristics must be measured and evaluated. 
This implies the need to "image" the defect as it exists within the 
part. 
Any ultrasonic imaging system must overcome the problems that 
limit ultrasonic examination in the "real world". Currently success-
ful applications of ultrasonic examination are limited to simple 
geometries and short sound paths where simple range gates and ampli-
tude thresholds are adequate to separate acceptable from defective 
parts. Most parts have more than one inspection volume of interest, 
each of which presents a unique UT problem because of geometry or 
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composition. The heavy walled pressure vessel shown in Figure 1 
can be used to illustrate such problems. 
Because of exterior insulation of structures, the interior is 
often the only accessible surface of such vessels. The vessel is 
least tolerant of flaws at or near the interior surface. However, 
the couplant interface and clad-to-base metal interface generate high 
amplitude noise that extends an inch or more down the examination 
metal path. The expected flaws are planar and have several possible 
orientations so no single beam direction can provide adequate results. 
If high resolution is achieved by focussing the beam, several focal 
lengths will be needed to cover the long metal path. If transducers 
with adequate resolution for accurate sizing are used, it will take 
a long time to cover the large inspection volume. 
The "practical" ultrasonic imaging system should provide all of 
the following in a single high speed scanner: 
(a) a high probability of detecting significant defects 
(b) a low number of false or non-relevant indications 
(c) high resolution for accurate flaw dimensioning 
(d) large svund beam volume to reduce inspection time 
(e) high scan rates to minimize inspection time 
(f) multiple beam directions to improve detection probability 
(g) final inspection results generated in real or near real 
time to minimize total inspection time. 
The system must also perform reliably in shop and field environ-
ments with non-degreed technician operators. The approach taken to 
building a "practical" Ultrasonic Data Recording and Processing 
System (UDRPS) was to apply current signal processing techniques 
using off-the-shelf hardware and user-friendly software. The system 
produces a video graphics display of the material being inspected, 
highlighting detected flaws. 
System Overview 
UDRPS consists of an Automatic Flaw Detection System (AFD) 
which controls the recording of UT signals in real time. The AFD's 
buffer memory records all received UT A-Scans in real time. When a 
flaw is detected, all raw recorded UT A-Scans in a given vicinity 
of the detection are stored on disk for analysis; otherwise, they 
are discarded. Recorded UT signals are processed to generate 
graphical displays of flaw geometry for analysis. 
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UDRPS was built for the Pacific Gas and Electric Company (PG&E) 
to increase speed and effectiveness of nuclear reactor vessel inser-
vice inspection. It consists of five independent channels that 
operate simultaneously. They are currently planned to be used for 
inspection as two channels of 60 degree shear waves, two channels of 
45 degree shear waves, and one channel of longitudinal waves. The 
system is capable of continuous inspection of eleven inch thick steel 
at a ten inch per second scan rate while operating all five channels 
concurrently. Computation rates in this system exceed 250 million 
instructions per second. Coverage information is recorded during 
inspection and a coverage display is overlaid on engineering draw-
ings of the reactor vessel to provide a permanent record of the 
inspected material. Generation of flaw images and operator directed 
analysis also occurs concurrently without interrupting inspection. 
UDRPS operates on the returned signals from conventional pulsed 
UT Pulser/Receivers. The conversion rate is typically ten samples 
per microsecond for a range resolution cell of one microsecond. The 
peak signal for each one microsecond range resolution cell for the 
entire metal path length is stored in memory. 
The returned signals are mathema~ically integrated on a range 
resolution cell by range resolution cell basis in the direction of 
scan with the number of A-Scans integrated proportional to the metal 
path length. This proportional integration normalizes flaw size to 
compensate for UT transducer beam spread and provides improved 
signal-to-noise ratio for flaws as the metal path length increases. 
Signal-to-noise ratio enhancement is obtained by performing a 
continuous convolution in the direction of scan over the entire 
divergent beamwidth at every range resolution cell in the entire 
metal path length. Noise is estimated from integrated signals in 
the vicinity of the convolved signal-pIus-noise estimated to provide 
a Constant False Alarm Rate (CFAR) function. Detection is performed 
in a continuous Moving Window Detector (MWD) by comparing convolved 
signal-plus noise values with integrated noise estimates in the 
vicinity of the moving window. Position estimates for detected flaws 
are obtained by performing two additional convolutions on the inte-
grated signal-pIus-noise values, followed by a sequence of comparisons 
on the two convolved values. 
Additional signal-to-noise ratio (SNR) enhancement is obtained 
at a constant false alarm rate by using apparent flaw motion as a 
discriminant. Apparent flaw motion is caused by the beam angle and 
the divergent beam spread. 
The SNR improvement, due to use of convolution, integration, 
and apparent flaw motion, is expected to be similar to that achieved 
within the Amplituden und Laufzeit-Orts-Kurven (ALOK) System by 
ALOK's use of signal dynamic curves -:- ALOK claims SNR enhancement 
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of approximately 20 DB (Reference 1). The SNR improvement expected 
for UDRPS is 15-20 DB (see Figures 1-6, p. 123 of Reference 2). 
Second (or multiple) time around returns and other unwanted 
signals not correlated with the particular transmitted pulse under 
consideration are suppressed in the integration process by "jitter-
ing" the PRF of the UT Pulser with a pseudo-random number generator 
and "unjittering" the returned signals in the integrators. Perfor-
mance is improved in noisy materials by performing the signal proces-
sing functions while continuously scanning the material under test. 
The scanning action provides a spatial decorrelation of grain and 
similar noise which integrates to an average value that is removed 
in the CFAR process. 
The signal processing and filtering implementation is designed 
to provide consistent and repeatable performance over a wide range 
of parameter/coupling mismatches and is independent of DAC. 
Five major display functions are implemented in the system: 
(1) X-Y, X-Z, and Y-Z displays of engineering drawings over-
laid with detection locations from multiple scans, 
(2) Perspective views of raw recorded UT A-Scan data, 
(3) X-Y, X-Z, and Y-Z displays of engineering drawings over-
laid with gray or color scaled views of the flaws (B-Scans 
and C-Scans), 
(4) Recorded video continuously played back on an oscilloscope, 
and 
(5) Engineering drawings showing coverage and/or detected 
flaws as overlays. 
Data Acquisition and Signal Processing Techniques 
The signal processing techniques used in UDRPS are those used 
by a good technician when conducting a manual inspection. These 
techniques include: 
(a) Improving the signal-to-noise ratio of reflectors by a 
two dimensional integration (i.e.; metal path length and 
direction of scan travel) 
(b) Spatial decorrelation of noise by transducer motion in 
the direction of travel 
(c) Maintaining a low false detection rate by use of an 
optimum detection algorithm 
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Figure 3. Target Return Waveforms received during sequential in-
terpulse periods are digitized 10 times per range resolu-
tion cell. A digital signal is processed for each range 
resolution cell . Waveforms are simulated in this figure 
for illustration. 
Figure 4. Perspective view of raw digitized data. 
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(d) Applying known reflector and transducer characteristics 
as discriminants against unwanted signal detections 
(e) Decorrelating and integrating-out "multiple time around" 
targets and ghost satellites 
(f) Graphically displaying flaw " indications in appropriate 
coordinates. 
The UDRPS system consists of five channels. Thus, each point 
in the material is seen from up to five points of view. Each channel 
contains (1) a Transducer, (2) a Pulser/Receiver, (3) a Monitor 
Oscilloscope, (4) an Automatic Target (Flaw) Detection System, and 
(5) an A-Scan gate. Basic system configuration is depicted in Fig. 
2. The video from the Pulser/Receiver is sent to three devices: 
(1) a Monitor Oscilloscope, (2) an Automatic Target (Flaw) Detec-
tion System (Signal Processo~), and (3) a Minicomputer used for re-
cording and analyzing received signals (target returns) and con-
structing images. In practical operation, the Automatic Target De-
tection (ATD) System limits the recorded data to A-Scans in the 
vicinity of a detected target. A "target," for purposes of this 
discussion, is a discontinuity in the material that interacts with 
the acoustic energy. Target returns may be reflected, refracted, 
diffracted, or re-emitted acoustic energy. 
In normal operation, the ATD is constantly evaluating every 
range resolution cell in the entire metal path length over the 
entire beamwidth of the transducer for all A-Scans. This is accom-
plished in a MOving Window Detector (MWD) and is performed in real 
time. 
Figure 3 shows a section of typical waveforms received by the 
Pulser/Receiver during the interpulse periods while scanning. 
Figure 4 shows a perspective view of raw digitized data. Each wave-
form is digitized at a rate of ten times the range resolution cell 
of the UT sensor, typically, 10 times per microsecond. This ultra 
fast digitized signal is processed to fix signal-to-noise ratio, and 
the result is a digital signal once per range resolution cell, 
typically, one-half to one microsecond in length. The digitized 
samples are depicted in Figure 3 as I, J, K, L, M, N, O. All data 
from the entire path length is saved in the Moving Window Detector 
Memory depicted in Figure 5. This process is repeated for every 
range resolution cell in each A-Scan waveform received during each 
interpulse period as the scan progresses. Continuous motion provides 
significant spatial decorrelation and an improved probability of 
detection at a low false detectioq rate for noisy materials. 
A full beamwidth of digitized waveforms is stored in the MWD 
Memory. Since the beam is diverge",lt, a significant amount of data 
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resides in the MWD Memory. As each new digitized waveform is 
entered into the ~ Memory, the oldest waveform is discarded. 
Once in the MWD Memory, each range resolution cell of each 
digitized waveform is inspected by a MOving Window Detector. All 
range resolution cells of all waveforms are examined to determine 
whether a target exists. Real target returns are then used to gener-
ate images. The MWD performs a matched filter integration on all 
returns in the potential target position similar to a Maximum Like-
lihood Detector (MLD) and uses integrated background noise to control 
a Constant False Alarm Rate (CFAR) circuit. Matched filters are 
used both in metal path length and in the scan direction to provide 
optimum probability of detection over very wide operational condi-
tions. 
Equipment Description 
The functions performed by the ATD are variable to match trans-
ducer characteri.stics and the part being inspected. The system 
is capable of shear wave sound paths in steel (two-way) up to 45 
inches at scan rates of 10 inches per second. This requires each 
channel to operate at a computation rate of approximately 50 million 
instructions per second (MIPS). Three components are combined in 
the ATD system to provide high computation rates and maintain opera-
tor control test parameters. They are: (1) an u1tra-high-speed 
Ana1og-toDigita1 (A/D) Converter, (2) a hard-wired "Pipeline" or 
Datastream Processor, and (3) an Array Processor. 
The AID Converter is a Dynacon Systems, Inc. Model 110A. The 
Ana1og-to-Digita1 Converter Board (A/D) contains a LeCroy Digitizer 
which can digitize unipolar or bipolar signals to 8 bits at any rate 
up to 20 million samples per second. The LeCroy Digitizer is an 
Emitter Coupled Logic (ECL) device which accepts analog inputs at a 
50 ohm level, an external trigger at ECL levels, and presents an 8 
bit parallel converted output at ECL levels. 
The hard-wired "Pipeline" processor is a Dynacon Systems "Data-
stream" computer in which data are moved continuously ~hrough casca-
ded high speed computing boards. The computing rate within the 
"Datastream" computer is approximately 40-60 MIPS. The output from 
the "Datastream" computer is routed to the Array Processor. 
The Array Processor in each channel has 32K words of memory. 
The Detection process is completed within the Array Processor at a 
computing rate of 4-6 MIPS. Although operating at a slower rate than 
the "Datastream" computer, it is programmable and has an enhanced 
instruction set compared to the "Datastream" computer. 
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Figure 7. Perspective View of A-Scans. Multiple A-scans are 
displayed in a perspective view. This is a subset of 
the A-scans used for automatic target detection in 
Figs. 8 and 9. 
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In addition to the Detection process, the Array Processor main-
tains a history of digitized A-Scan waveforms in the vicinity of 
the detected target. This waveform time history is transferred to 
the minicomputer upon target detection. Digitized waveforms are sent 
to the minicomputer as long as detections continue and for approxi-
mately one-half beamwidth past the end of the detection. 
The UDRPS minicomputer has Floating Point Hardware and one-
million bytes (1 MB) of memory. Only one minicomputer is used to 
service all five sensor channels. It is used to (1) control the 
UDRPS system, (2) download data/programs to the Array Processors 
and the Datastream Computers, (3) record digitized waveforms for 
detected target areas, (4) record and display location and coverage 
information, and (5) provide the analyst with interactive control 
of high resolution color displays of the material being inspected 
and the flaws within it. A wide variety of displays are available 
at operator control including: 
(a) playback of original A-Scan 
(b) B-Scan, C-Scan, or any other projection of data (with or 
without noise reduction) based any threshold or DAC level 
(c) contour plots 
(d) perspective views 
Displays of data, functions of the data, or combinations of 
data, or functions of data from more than one channel may be produced 
under operator control. 
Preliminary Data Results 
Figures 9-11 are hard copies of graphical data obtained from 
the UT signal processing system. The block which was scanned to 
provide the graphical data is depicted in Figure 6 • 
The test block (Figure 6) is a 2 inch by 2 inch by 12 inch 
block of ASTM A-516-70 steel with three 1/8 inch side drilled holes 
at 1/4T, 1/2T, and 3/4T, 1-1/2 inches from the end of the block. A 
notch 4/32 inch wide and 3/64 inch deep, 1-1/2 inch from the end of 
the block simulated a surface crack. The block is not clad. 
Figures 9-25 show results obtained by scanning the block with a 
conventional NORTEC Pulser/Receiver using an unfocused 1-1/2 inch 
diameter circular contact transducer, 1 MHz, 45 degree shear wave 
with the block and transducer immersed in water. The detection 
threshold was set at 30% of the noise level (voltage) which is 
approximately 10 DB below the noise level. 
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Figure 8. Detections Overlaid on A-Scan Data. 
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Figure 9. Centroids Overlaid on A-Scan Data. 
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TOP 
+ 
Figure 10. DETECTIONS OVERLAID ON ENGINEERING DRAWING. 
Automatic Detections are Overlaid on an Engineering 
Drawing of the Test Block. Detections from the Notch, 
1/4T, 1/2T, 3/4T, Front Top Corner and Front Bottom 
Corner are Visible. Targets are Detected if Signal 
Plus Noise is Greater than 30% of the Noise Value 
(Voltage). 1-1/2 Inch Diameter, 1 MHz Circular 
Transducer. 
TOP 
- -
+ 
Figure 11. CENTROIDS OVERLAID ON ENGINEERING DRAWING. 
Centroids of Automatically Detected Targets are Over-
laid on an Engineering Drawing of the Test Block. 
Detection Threshold is set at 30% of the Noise Value 
(Voltage). 1-1/2 Inch Diameter, 1 MHz Circular 
Transducer. 
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Figure 7 shows a perspective view of the returned A-scan energy 
from the block when scanned with the notch on the top of the block. 
Figure 8 shows automatic detections overlaid on the A-scan data (gray 
scale) for the notch and the 'calibration holes. Figure 9 shows the 
centroids of the automatically detected targets with th~ back surface 
and backwall reflected targets. Figure 10 shows automatic target 
detections for the notch and the three 1/4T holes overlaid on an 
engineering drawing of the block. Detections for the front top and 
bottom corners are also shown on the engineering drawing of the 
block. Figure 11 shows centroids of the holes overlaid on an engi-
neering drawing of the block. 
SUMMARY 
The UDRPS provides high flaw detection probability with low 
incidence of false indication and high resolution through current 
signal processing techniques. The system processes data from large 
beam volumes at high scan speeds to minimize inspection time. Its 
mUltiple channel configuration allows images to be produced with 
data from several points of view with a single scan with no reduction 
in scan speed. Its modular hardware and software allow much higher 
digitization rates, limited only by the availability of faster digi-
tizers, to be used for the inspection of thinner materials. Its 
configurable channels allow a wide variety of transducer/PRF/scan 
speed combinations. The UDRPS provides repeatable and reliable 
performance at high scan speeds by removing the detection and loca-
tion burden from the UT examiner and by providing assistance in 
flaw characterization to the examiner. 
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